The steam turbine is a prime mover that converts kinetic energy in steam into rotational mechanical energy through the impact or reaction of the steam against the blades. The aim of this study is to design a steam turbine for a small scale steam power plant with target of producing electricity. The turbine is driven by the heat energy from palm kernel shells as a renewable energy source obtained at a lower or no cost. The study was concentrated on design of turbine elements and its validation using computer packages. Specifically, the microturbine design was limited to design, modeling, simulation and analysis of the rotor, blades and nozzle under the palm kernel shell as fuel for the micro power plant. In blade design, stress failures, efficiency and blade angle parameters were considered. In casing volume design, the overall heat transfer and mean temperature, and different concepts were applied. The thermal distribution on stator and rotor was considered in order to determine its level of tolerance. The design software packages used for design validation were Solidworks and Comsol Multiphysics for analysis. Simulation results showed that the designed steam turbine can adequately tolerate change in stress/load, torsion/compression, temperature and speeds.
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the steam is transformed into kinetic energy by expansion through nozzles, and the kinetic energy of resulting jet is in turn converted into force on rings of blades mounted on a rotating disc. Steam micro-turbines are considered to be such devices which produce output power of the order of a few kWs. Steam turbines on micro-power plants are capable of delivering electric power ranging 1 -6 kW [1] . For optimal electricity production, a thermal power plant (TPP) is chosen to encompass effective and robust choice of facilities. The turbine and the alternator are facilities of importance in the constitution of a TPP [2] . The ability of turbine to generate a rotary motion made it suitable to drive an electrical generator.
In the search for an alternative source of energy, palm kernel shell was found to be a well-known biomass product because of its higher heat energy or calorific value. Palm kernel shell has gained it status as a biofuel resource for biomass product which is cheap, readily available and due to its high calorific value, its properties can be utilized in creation of an efficient micro-power plant which comprises of five main components which are the boiler, turbine, generator, condenser and pump. It is therefore beneficial to produce high pressure steam, and let it expand to the desired pressure and temperature through a turbine or to extract part of the steam from the turbine before it reaches the low-pressure stage and its rotary motion is used to drive the generator to produce electricity.
The aim of this research is to conduct a design analysis for an efficient steam turbine for a palm kernel shell (PKS) fuelled micro power plant which will gen- Palm kernel shell (PKS) is the main by-product of palm kernel oil production.
Palm kernel is kernel from oil palm fruit. After the oil palm fruit went through the palm oil process, the kernels are separated and kernel oils distilled [3] . Oladosu and Oladosu et al. [4] [5] [6] optimized the combustion of palm kernel shell (PKS) in a grate furnace for superheated steam generation. The outcome supported the use of PKS for power generation because of its higher heating value, but the study failed to implement same. Oladosu et al. [7] [8] [9] used computer based approach to design palm kernel shell combusting furnace for generating a desired amount of electricity. By way of backward calculation approach, standard design equations were used to size furnace, Turbine and other components. The results showed that to generate 5 kW of electricity from palm kernel shell, 5.5 kW turbine is required. The study failed to carry out comprehensive design of the turbine to utilized heat/steam produced from combustion Journal of Power and Energy Engineering system. This is the area this study attempted to address. Chandra et al. [10] analyzed the behavior of rotors on different mechanical and thermal-mechanical analyses to find out the better one out of the solid rotor and the hollow rotor in terms of ease of manufacturing and failure. Further analysis based on thermal and structural distribution on blades was carried out [11] . This study is deficient by not taking a step ahead in analyzing critical turbining parameters, which are stress/load, torsion/strain, temperature, and speed tolerance. Chenduran [12] analyzed, in blade design, stress failures, efficiency and nozzle angle using solidworks software. Many designs have been carried out on turbines ranging from single-stage axial-flow turbines, two-stage axial-flow turbines, radial-flow turbines to radial-axial-flow turbines [1] , efforts in the area of micro-turbine design for micro-power plant have been scanty. This is the germane area in which this study is posed to contribute.
Materials and Methods

Design Concepts
In the design of a steam micro-turbine, there are major parameters to be consi- 
Turbine Design Calculation
Based on the design specifications given in Table 1 , standard equation (1) On these bases, absolute inlet velocity, V of the impulse turbine was obtained from Equation (2), while the vector difference (nozzle discharge angle), θ was estimated as 30˚ using Equation ( In the presence of mean blade path diameter, D m , (0.3), blade spacing (pitch), s (0.02), the number of blades N b was determined using Equation (5) 
Performance (reliability) evaluation of the design was carried out using modelling and simulation technique via Solidworks and Comsol Multiphysics analytical software. In the micro turbine design, the analyses covered the blade, shaft and nozzle design. In blade design parameters, stress failures, efficiency were analyzed. In casing volume design, the overall heat transfer in the volume and mean temperature difference concepts were evaluated. The thermally induced stresses in a turbine stator blade are analyzed to determine tolerance and reliability level.
Material Selection
The selection of materials for different parts of the turbine depends on the strength or tension/compression the component can withstand, heat transfer coefficient and thermal resistivity makes sure that the total weight must be minimal. In selecting materials, high consideration was given to lightweight materials that can withstand stress and strain of that particular component compared to heavy or bulky materials. After thorough analysis, the materials chosen with estimated cost for the components and their proposed fabrication methods are given in Table 2 and Table 3 , respectively. Table 3 . Bill of engineering material and evaluation for the turbine.
Part description
Cost of production (Naira, N, Nigerian currency) Mini power house 310,000 Grand total cost 590,000
Results and Discussion
In this microturbine design using Solidworks and Comsol Multiphysics analytical software, the results obtained mainly covered the blade, shaft and nozzle design. In blade design parameters, stress failures, efficiency and inlet/outlet angle were considered and the outcome is illustrated in Figure 8 . In casing volume design, the overall heat transfer in the volume and mean temperature different concepts were analyzed and the results are given in Figure 5 and Figure 6 . Figure 7 gives the outcome of the stress analysis of the blade in withstanding the forces. The outcome interface of thermally induced stress on the turbine stator blade is presented in Figure 5 .
The thermal stress on the analyzed stator shows that the heat distribution in the stator, represented by colour gradients indicated red as the highest thermal stress temperature of 6.018e+002 K under COMSOL Multiphysics analysis ( Figure   5 ). This shows that the stator cannot be majorly affected by heat or overheated in the turbining process when operated within the temperature 5.231e+002 K and 6.018e+002 K (Figure 6 ). The result of the thermal analysis carried out on the stator shows that the stator cannot be affected by heat, stress and strain during torsion/compression process ( Figure 7 ) with a strain tolerance ranging from led to variation in efficiency of the stator profile ( Figure 9 ). The least efficiency (40%) was found with the modified airfoil on stator and rotor, while the rotor axial chord reduction had the highest efficiency (75%) as compared with the stator count and stator axial chord reductions with relative blade performance shown in Figure 10 . Comparing the recorded stresses and yield strength of the materials of the components, a wide margin was observed, which means that the components will serve their intended purposes without failure within the allowable margin ( Figure 9 ). It can be inferred, from the result of comparison, that the design is safe under normal working condition (at displacement range of 0 mm to 10.2883 mm) of the shaft in terms of stress, strain and temperature rise ( Figures 6-8 ), beyond 10.2883 mm displacement the system is bound to fail ( Figure 11 ). The simulated results showed that the design is optimized to perform intended functions without any record of failure. The only point of note was that the shaft must not exceed the maximum deflection of 10 mm under the maximum allowable loading (Figure 11 ). The danger therein can be averted with improvement in material selection and right choice of loads acting on the system ( Table 2 ). The exploded, assembled, sectioned micro turbine views with their specifications are given in Figures 12-14 , respectively. The implementation of the process has enabled realization of the micro turbine that is capable of producing 5 kW of electric power using the superheated steam from PKS fuelled boiler of 5.5 kW capacity, as the prime mover. The components of the turbine and the mini power house can be produced using machining and welding techniques and the materials can be sourced locally ( Table 2 ). The cost of production, inclusive of mini power house, is N590,000 or $1638 in US Dollars (Table  3 ). The cost of production can be greatly reduced by 50% under mass production regime.
Conclusion
A steam micro-turbine that can produce up to 5 kW of electricity has been successfully designed, and validated using Solidworks and Comsol multiphysics Journal of Power and Energy Engineering of designing a sustainable gearing system to cater for overloads and insulating system to prevent heat loss should be considered.
